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Transport versus on-farm slaughter of bison: Physiological stress, animal 
welfare, and avoidable trim losses
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Soren Boysen, Ed Pajor, and the UCVM Class of 2012

Abstract — Ranched bison are typically less acclimated to handling than are domesticated livestock, suggesting 
that they might be more vulnerable to handling and transportation stressors. Grain-finished bison were slaughtered 
on-farm (n = 11), or held for 48 h, transported to a research abattoir, held in lairage for 18 h, and then slaughtered 
(n = 11). An additional group (n = 10) was sampled at a conventional fixed location abattoir. Measures included 
serum cortisol and corticosterone concentrations during on-farm handling and exsanguination, serum glucose, 
creatinine phosphokinase (CPK), aspartate aminotransferase (AST), and trim losses. Transport was associated with 
an increase in trim loss. On-farm, glucose was elevated, CPK was positively associated with handling order over 
12 h, and corticosterone concentration, although lower than cortisol concentration, showed a greater response to 
prolonged disturbance. With appropriate on-farm handling facilities, the use of on-farm slaughter and mobile 
abattoir could avoid muscle damage and trim losses, and mitigate injuries sustained during handling and transport 
of bison.

Résumé — Transport ou abattage des bisons à la ferme : stress physiologique, bien-être animal et pertes de 
viande évitables. Les bisons élevés dans un ranch sont habituellement moins accoutumés à la manipulation que 
le bétail domestiqué, ce qui suggère qu’ils sont plus vulnérables aux facteurs de stress liés à la manipulation et au 
transport. Des bisons engraissés au grain ont été abattus à la ferme (n = 11), ou détenus pendant 48 h, transportés 
à un abattoir de recherche, mis dans des installations d’attente pendant 18 h, puis abattus (n = 11). Un groupe 
additionnel (n = 10) a été échantillonné à un abattoir fixe conventionnel. Les mesures incluaient les concentrations 
de cortisol sérique et de corticostérone durant la manipulation et l’exsanguination à la ferme, le glucose sérique, 
la créatinine phosphokinase (CPK), l’aspartate aminotransférase (AST) et les pertes de viande. Le transport était 
associé à une hausse de la perte de viande. À la ferme, le glucose était élevé, la CPK était positivement associée à 
l’ordre de manipulation pendant 12 heures et la concentration de corticostérone, quoique inférieure à la 
concentration de cortisol, a montré une réponse plus élevée lors d’une perturbation prolongée. Avec des installations 
de manipulation à la ferme appropriées, l’utilisation de l’abattage à la ferme et d’un abattoir mobile pourrait éviter 
les dommages musculaires et les pertes de viande et atténuer les blessures subies durant la manipulation et le 
transport des bisons.

(Traduit par Isabelle Vallières)
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B ison are the largest land mammals native to North America 
and, prior to European settlement, they ranged widely 

over the continent in numbers estimated to be greater than 
30 million (1). The species was driven to near extinction by the 
end of the 19th century through hunting and loss of habitat (2). 
The numbers of bison have rebounded so that at the beginning 
of the 21st century there were approximately 500 000 bison 
(3) in North America. Most of these bison are located on com-
mercial farms that raise the animals for meat production. In 
Canada, there are approximately 125 000 bison on 1200 farms, 
with 77% of the farms located in the provinces of Saskatchewan 
and Alberta (4).

Bison meat is a niche product that attracts a high value in 
the marketplace (5,6). Access to desirable interprovincial and 
international markets for bison meat is limited by meat inspec-
tion legislation that requires animals to be slaughtered in feder-
ally licensed facilities, which are rarely located near bison farms 
(7,8). Thus, bison intended for slaughter need to travel long dis-
tances for the product to have access to high value markets (9).

Animal welfare is a serious consideration whenever animals 
are transported (10,11). Assembly, loading, travel time, unload-
ing, regrouping, temperature fluctuations, and introduction to 
novel surroundings are all associated with increases in physi-
ological stress, as measured by behavior, heart rate, respiration 
rate, rectal temperature, and concentrations of serum cortisol 
and plasma epinephrine (12,13). Bison are more flighty and 
fearful than cattle and transportation and handling of bison 
is particularly difficult due to their relatively large flight zone, 
strong herd instincts, and aggressive nature (14).

Bison are most commonly raised in extensive management 
systems designed to require a minimum of animal handling, 
and most commercial bison have not had their horns removed 
(15), increasing the potential for injury in closed spaces such as a 
trailer. In Canadian cattle, bruising losses to the beef industry are 
approximately 5 million dollars per year (15). The overall cost of 
bruising is due to the loss of edible parts, labor costs to trim the 
bruising, and value depreciation of the carcass (16). Pre-slaughter 
bruising is also an indicator of animal welfare during the immedi-
ate pre-slaughter period (15–17). These factors create conditions 
in which bruising is more likely in bison than in cattle and, when 
combined with physiological challenges and psychological disrup-
tions, negatively affect carcass yield and meat quality (13,17,18).

One possible solution to the problems associated with trans-
port is to use an on-farm slaughter and mobile multi-location 
abattoir to process the bison on the farm of origin (15,19,20). 
This would eliminate transport, exposure to unfamiliar facilities 
and animals, and the need to withhold feed and water prior to 
slaughter. Mobile abattoirs usually consist of a semi-trailer in 
which the interior has been modified to include the components 
necessary to provide slaughter, inspection, and refrigeration 
needs in compliance with the applicable legislation.

The objectives of this study were to compare the slaughter 
of bison on-farm using a mobile multi-location abattoir with 
the slaughter of bison at a fixed location research abattoir as 
well as a conventional facility, by measuring indicators of stress 
(serum cortisol and corticosterone), muscle injury [serum 
aspartate aminotransferase (AST) and creatine phosphokinase 

(CPK) concentrations], and economic losses before final weight 
determination for value (trim loss).

Materials and methods
Study design
Three groups of bison were sampled: i) On-farm: on-farm 
slaughter with processing in a mobile abattoir; ii) Research 
facility: bison from the same farm population transported to a 
research abattoir; and iii) Conventional: an independent group 
of bison heifers sampled at a conventional abattoir. Twenty-two 
bison heifers, aged 26 to 30 mo and born, raised, and grain-
finished (oat ration, mixed hay, and salt/mineral supplement) 
on 1 northern Alberta ranch were purchased in situ and divided 
across the first 2 groups. Over a single 12-h interval in October 
of 2010, the animals were sequentially moved through the 
on-farm handling system and briefly captured in the squeeze 
chute to obtain a serum sample from the tail vein. After han-
dling, each animal was alternately assigned to a common pen 
and destined for transport to the research facility (n = 11), or 
moved into a confined area of the handling system and killed 
for processing in a mobile abattoir (539 trailer) licensed in the 
province of Alberta (n = 11). The interval from first disturbance 
in the morning, to last individual killed, was 8 h. The group 
destined for transport to the research facility were left undis-
turbed in the common pen for 36 h, and then moved through 
the on-farm handling system for identification and loading onto 
a trailer. After transport, heifers were off-loaded into lairage 
in groups of 2 or 3 in the Meat Research Facility at Lacombe, 
Alberta. Slaughter began approximately 18 h later and was 
completed in 3.5 h. The third group of 10 heifers, from a single 
source, and also grain-finished, was sampled at a fixed location, 
provincially licensed abattoir. All meat was certified and entered 
the food chain following the research.

On-farm handling facility
The on-farm handling facility was designed for bison, and 
holding pens for grain finishing were equipped with solid sides. 
The chute system allowed animals through to a squeeze chute 
that had solid walls on one side, but was visually open to other 
holding areas on the other. All holding areas were open to the 
sky. As it was not possible to open the squeeze-chute sides for 
extraction, animals destined for on-farm slaughter were moved 
back into the chute system after sampling and then were killed 
by an intracranial shot from a 12-gauge shotgun with a 2 ¾ inch 
foster slug (1 ounce). Immediately after death, the carcass was 
hoisted by 1 hind limb, transported approximately 200 m, and 
exsanguinated, at which point a mixed jugular vein and artery 
serum sample was obtained. The carcass was then transferred 
into the mobile abattoir facility where it was skinned and evis-
cerated. Weight was obtained after splitting the carcass, and 
again after trim of the split carcass, as the “hot hanging” weight 
entering the chiller. A provincial inspector monitored trim for 
certification on-farm.

Transport
The holding capacity of the transport trailer was 12 heifers, and 
11 were distributed across 3 interior chambers. Total transport 
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distance was approximately 275 km and lasted 6 h from loading 
through to unloading. Weather conditions during loading were 
overcast, with a mean temperature of 1.1°C at loading and 2.5°C 
at off-loading, with scattered light snow.

Research facility
The Agriculture Canada abattoir is federally licensed and housed 
only the 11 research heifers. A federal inspector monitored trim 
for certification. A mixed jugular serum sample was obtained 
during exsanguination, immediately after an intracranial rifle 
shot (223 caliber). Weight was recorded at the same stages as 
at the on-farm site.

Conventional facility
Single source, grain-finished heifers (n = 10 in the group) had 
been in lairage for 9 h before they were moved for slaughter. The 
adjacent pen also contained about a dozen bison, obtained as a 
mixed lot at auction, including a bull. Cattle were also present 
within the same facility. Mixed jugular serum was obtained 
during exsanguination, immediately after a rifle shot (caliber 
unknown), in the same manner as the other 2 groups. The facil-
ity weighing station was located after the trimming site, which 
did not correspond to the other 2 facilities. Thus, trim losses 
could not be calculated.

Student observers completed focal animal check-sheets for 
each animal in the initial passage through the on-farm handling 
system, reporting the presence or absence of rearing, kicking, 
and direct aggressive interactions with other individuals. In 
addition, visible damage was recorded while the animal was 
restrained for blood sampling. No behavioral observations 
were conducted during loading for transport, off-loading, or 
subsequent handling.

Serum biomarkers
During exsanguination, mixed jugular blood samples were 
collected by free catch into serum separator tubes. Blood was 
immediately drawn from the separator tube and transferred 
into pre-heparinized 1-mL syringes for blood glucose analysis 

using an I-STAT machine and CG61 cartridges (I-STAT, 
Abbot Laboratories, East Windsor, New Jersey, USA). Serum 
was frozen and sent to a reference laboratory for AST and CPK 
analyses (Antech Laboratories, Calgary, Alberta). Cortisol and 
corticosterone were quantified by liquid chromatography–
tandem mass spectrometry (LC-MS/MS) after zinc sulfate pro-
tein precipitation using a research laboratory method validated 
for diverse vertebrate species (21).

Statistical methods
Statistical analyses were conducted using analysis of variance 
(JMP version 9.0; SAS, Carey, North Carolina, USA) with the 
threshold for significance set at 0.05. All variables were checked 
for normality and for equality of variance and statistical tests 
appropriate for the measures were used. Details are presented 
in the results.

Results
Behavioral observations
Ten of the 22 bison had adverse behavioral responses to the 
handling, ranging from a horn de-gloving to kicking and rearing 
in the chute. Bison with adverse behavioral events on-farm did 
not have more bruising, trim losses, or higher cortisol than the 
other animals sampled on farm that day, or the integrated group 
of 22 with a tail vein sample from the squeeze chute.

Trim loss
Animals killed on-farm yielded carcasses with little to no trim 
loss (0.22 6 0.25 kg). In contrast, all carcasses suffered trim 
losses after transport to the research slaughter facility [7.22 6 
0.86 kg; t (unequal variances) = 7.79, df = 11.72, P , 0.0001], 
ranging from 3.2 to 14.2 kg. As a percentage of carcass weight 
after splitting into sides, this represents negligible loss on-farm 
(only 0.1%) relative to slaughter at the research facility after 
transport [t (unequal variances) = 7.61, df = 11.20, P , 0.0001; 
Figure 1]. Although the trimmers differed at the 2 sites, inspec-
tor oversight, and the financial incentive of selling the meat 
back to market, were factors shared across sites. There was no 

Figure 1.  Proportional carcass weight change as a result of trim 
to remove bruises and injuries for heifers slaughtered on-farm 
and at the research facility. Asterisks indicate a significant 
difference (P , 0.0001). Trim losses could not be quantified 
at the conventional abattoir.
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Figure 2.  Positive association between order of handling, as a 
proxy for the duration of disturbance within the day on-farm, and 
CPK, as an index of muscle damage.
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evidence that behavioral distress during the on-farm handling 
for blood sampling predicted the trim loss for either treatment 
group [F(2,8) , 0.7, P . 0.53 for both] or the combined 
group [F(2,19) =1.41, P = 0.27]. Split carcass weights were, 
however, smaller after transport [245.91 6 8.06 kg versus 
274.6 6 7.0 kg, t (unequal variances) = 2.68, df = 19.6, 
P , 0.015]. Split carcass weights are not affected by emptying 
of gut contents, but could be affected by dehydration, in spite of 
the drinking water that was made available overnight. However, 
as there was no live weight obtained on-farm before exsanguina-
tion, differential assignment of individuals to the 2 groups could 
not be ruled out as a source of the weight differential.

Serum biomarkers of muscle injury
For the 22 heifers handled and sampled on-farm, both measures 
of muscular damage, AST, and CPK, were positively associ-
ated (R2 = 0.39, P , 0.025). Although there were no clinical 
signs of myopathy, one transported heifer had a laboratory-
diagnosed myopathy with CPK of 31 152 U/L and AST of 
4189 U/L, which would indicate severe heavy muscle damage 
in a dairy cow (22). That individual also had the largest trim 
losses (14.2 kg; 6.23%). When that individual was excluded, 
there was a significantly larger variance for both CPK and AST 
in the animals that had been transported than in the animals 
that had been slaughtered on-farm (Bartlett test for unequal 
variances, both P , 0.0005). Serum aspartate aminotranferase 
was also higher in the transported animals (Non-parametric 
Wilcoxon, z approximation, P , 0.04). Serum glucose was 
higher in the on-farm bison heifers (20.4 6 2.3 mmol/L) than 
in the animals transported and then rested for 18 h of lairage at 
the research facility [6.9 6 0.5 mmol/L; t (unequal variances) = 
5.77, df = 9.7, P , 0.0002]. Sampling order was also consid-
ered as an ad hoc variable in analyses when the day of sampling 
extended for several hours longer than had been anticipated, 
prolonging the disturbance on-farm, and increasing the time 
for muscle damage to be reflected in physiological measures. 

For the 22 heifers handled and sampled on-farm, there was a 
positive association between order of handling and serum CPK 
in the tail vein samples collected on-farm (R2 = 0.42, P , 0.02; 
Figure 2). The second measure of muscle damage, AST, was not 
associated with sampling order (P = 0.33).

Glucocorticoid stress responses
Cortisol concentrations (25 to 60 ng/mL) were higher than cor-
ticosterone concentrations (0.5 to 7.0 ng/mL), with no change 
between on-farm handling and on-farm exsanguination samples 
(both P . 0.1). However, the 2 glucocorticoids responded dif-
ferently to the 3 conditions. For cortisol, conventional slaughter 
was associated with the highest, then on-farm, then the research 
abattoir [F(2,29) = 20.0, P , 0.0001; Figure 3]. In contrast, 
corticosterone concentrations were highest in the on-farm 
group, and lowest in the research abattoir group [F(2,29) = 
25.8, P , 0.0001; Figure 4]. Thus, the cortisol/corticosterone 
ratio was higher at the research abattoir (52.0 6 6.7), than at 
the conventional abattoir (31.0 6 3.0), which was higher than 
on-farm [12.1 6 1.0; F unequal variances (2,14.3) = 31.6, 
P , 0.0001; Figure 5]. On-farm, glucose was inversely associ-
ated with cortisol concentration (R2 = 0.42, n = 11; P , 0.05).

Discussion
Transport of bison to the research facility was associated with a 
significant increase in trim loss, even without consideration of 
additional losses due to shrinkage. This was not only because 
the animals transported were likely to accumulate muscle dam-
age (13,17), but also because the on-farm slaughter followed 
disturbance so rapidly that injuries might not have developed 
into trim losses. Thus, from the perspective of ranch economics, 
carcass value was higher on farm because animals did not suffer 
shrinkage in transport (assumed, not measured), and valuable 
meat product was not lost as trim.

Muscle damage in bison began with the initial disturbance 
for handling (13). The long day of disturbance on-farm was a 
prolonged stressor for bison. Unfamiliar people were present, 
and animals were relocated from their grain-finishing pen to 
holding pens, and then moved into temporary social isolation 
for sampling. Animals that waited longer for that serum sample 
(over the course of the 8-hour day) had higher CPK levels. 

Figure 3.  Cortisol concentration (ng/mL) in exsanguination 
serum at a) fixed location abbatoir after transport and lairage 
(conventional), b) after on-farm slaughter in a mobile abbatoir 
following handling to obtain a tail vein sample (on-farm), and 
c) after on-farm handling for tail vein sampling plus transport 
and lairage at a research slaughterhouse facility (research 
facility). Different lower case letters indicate significant post hoc 
differences by Tukey-Kramer HSD.
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Figure 4.  Corticosterone concentration (ng/mL) in the same 
serum samples as in Figure 3.
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This increase might reflect CPK kinetics in bison, (i.e., heifers 
that were slaughtered earlier after mustering had less time for 
CPK released from damaged muscles to reach peak serum con-
centrations) or might indicate that animals held longer before 
slaughter experienced ongoing muscle damage. Serum glucose 
was also twice the upper limit on-farm, whereas serum glucose 
at the research abattoir was at the lower limit, relative to ranched 
bison sampled at a fixed location abbatoir (23). The lack of a 
drop-side on the chute prolonged handling for the time it took 
to move the animal to a region of the holding system with access 
for carcass recovery and for the killing shot. Thus, physiologi-
cal measures of stress on-farm were likely to be elevated relative 
to reference values for an on-farm handling system that could 
incorporate the kill within the handling system.

Transport to the research facility and lairage increased mus-
cle damage (13,15). Not unexpectedly, the single heifer with 
laboratory-diagnosed myopathy had the highest trim losses after 
transport to the research abattoir. However, when that individual 
was excluded, heifers that had been handled on-farm 48 h previ-
ously, transported, and left in lairage, still demonstrated a wide 
range of indicators of muscle damage. Thus, prolonged stress 
on-farm was associated with muscle damage and glucose mobili-
zation, and, when combined with the additional stressor of trans-
port, resulted in trim losses. Meat quality was not assessed in this 
study, but might also have been adversely affected (15,17,18).

Although cortisol was at higher concentrations than corticos-
terone, corticosterone values at exsanguination discriminated 
between the research abattoir (least disturbance, no unfamiliar 
bison, closest to theoretical baseline), the conventional abattoir 
(rapid processing) and the on-farm (prolonged handling stress) 
situations by showing a 6-fold difference, whereas the cortisol 
differential between locations was only 50%. Results were 
consistent with a hypothesis that cortisol concentrations quite 
rapidly reach a maximum when stress is sustained, whereas cor-

ticosterone concentrations continue to increase (24). Similarly 
divergent stress-responses for cortisol and corticosterone in 
diverse wildlife species (24), and in bison (25) have recently 
been described. Future studies of bison stress responses, there-
fore, should consider both cortisol and corticosterone quan-
titation, and the possibility that each adrenal steroid conveys 
different biological information during the stress response.

In spite of having an on-farm handling system designed for 
bison, it was clear that the bison were stressed by the on-farm 
handling and additionally stressed because it was not possible to 
complete the kill in the squeeze chute. A chute handling system 
with visual barriers (14), effective restraint with access to the 
head for a safe kill, accessible drop-sides, and ease of access for 
transfer into the multi-site abattoir would facilitate on-farm 
slaughter. However, the handling system alone cannot mitigate 
all injury and bruising in bison which have limited experience 
with handling systems (15). For example, 1 animal managed 
to become entangled in the fencing, and another experienced 
a horn de-gloving. Thus, potential advantages of on-farm 
slaughter for bison include reduced trim losses, reduced time 
for muscle damage to affect meat quality, and reduced duration 
of stress for the animals.
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Figure 5.  Association between cortisol and corticosterone concentrations 
within individual serum samples. (Conventional = ▲, On-farm = ●, Research 
facility = ◆). Linear regression for on-farm (slope = 0.12, R2 = 0.50,  
n = 11; P , 0.02) was steeper than conventional (slope = 0.055, 
R2 = 0.49, n = 10; P , 0.03) or research (slope = 0.03, R2 = 0.68,  
n = 11; P , 0.002) facilities.
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